The use of carbon dioxide (CO 2 ) as a non-toxic, renewable and economical carbon source for the synthesis of liquid fuels and value added chemicals has attracted increasing attention over the last years. 1 Regarding the many catalytic transformations involving CO 2 , those concerning its selective reduction represent an important challenge. In this sense, a substantial number of efficient transition metal catalysts for the conversion of carbon dioxide to formic acid, employing different reducing agents, have been reported. 2 Also, great efforts in the design of catalysts for the reduction of CO 2 to methanol 3a,b and methane 3c-g have been made. Nevertheless, catalysts that are selective enough for the controlled transformation of CO 2 to the formaldehyde level are very rare. 4 Formaldehyde is an important industrial chemical with a world-wide production greater than 20 million tons per year. Currently, the large-scale synthesis of formaldehyde is based on the catalytic oxidation of methanol at high temperatures. We envisioned that 2 could also serve as an efficient catalyst for the activation of carbon dioxide. In this regard, the insertion of CO 2 into a metal-hydrogen bond is assumed to be a key step in the catalytic conversion of CO 2 mediated by transition-metal complexes. Scheme 3. a) Selective reduction of CO2 to bis(silyl)acetal; b) Non observed over reduction products resulting from the hydrosilation catalyzed by B(C6F5)3.
As we expected, treatment of 2 with CO 2 (1 bar, r.t.) gives the formate complex [(PBP)Ni(O 2 CH)] (3) instantaneously. 1 H and 13 C NMR spectra show resonances at 9.11 and 167.2 ppm respectively, that we assign to the formate group. The 31 P and 11 B NMR spectra exhibit signals (δ P 85.2; δ B 37.5 ppm) at higher field than those observed for 2. We remark that while we were immersed in this study, Lin and Peters reported the synthesis and characterization of 3. 7 In an effort to evaluate the suitability of 3 as a catalyst for hydrosilation of CO 2 , we studied the stoichiometric reaction of 3 towards Et 3 SiH. We observed that no reaction occurred at room temperature and heating of the solution at 40 ⁰C provokes the decomposition of 3.
11 At this point, based on previous work from Piers, 4b Berke   4a and others, 3c,f,g we ran this reaction in the presence of B(C 6 F 5 ) 3 .
Thus, the addition of Et 3 SiH (1 equiv) to a solution of 3 and B(C 6 F 5 ) 3 (one equivalent relative to 3) and CO 2 (4 bar) in C 6 D 6 gives rise to the complete consumption of Et 3 SiH and the selective formation of the bis(silyl)acetal derivative, after heating at 70 ⁰C for 30 minutes (Scheme 3a). We also observed the formation of a new nickel complex generated by reaction of 3, formed due to the presence of CO 2 in solution, with B(C 6 F 5 ) 3 . The nature of this new species will be discussed in detail below. The resonance due to the CH 2 group of (Et 3 SiO) 2 CH 2 appeared at 5.07 ppm in the 1 H NMR spectrum (See S7, Figure S8 ). Remarkably, no other over reduced products, formed by the hydrosilation of the bis(silyl)acetal catalyzed by free B(C 6 F 5 ) 3 , i.e. methyl silyl ether and methane (Piers-Rubinsztajn reaction), were detected during the reaction (Scheme 3b). 12 The high chemoselectivity observed justifies a detailed analysis of the reactions involved to elucidate the mechanism of this process. First, we decided to explore the reaction of 3 with B(C 6 F 5 ) 3 to understand the precise nature of the catalyst. Thus, monitoring this reaction by NMR spectroscopy we observed the formation of a new complex 4 (Scheme 4). In the 1 H NMR spectrum the signal at 9.11 ppm, corresponding to the formate proton of 3, disappeared and a new signal appeared at 8.45 ppm, as expected for a formatoborate adduct. The 11 B spectra showed two new signals at 33 and -1.3 ppm that correspond to the boryl group and a Scheme 4. Synthesis of complex 4.
tetra-coordinated boron atom, respectively. 3f,4b We were able to obtain crystals of 4, suitable for an X-ray diffraction analysis, by slow evaporation of a toluene solution (Figure 1 ). The solidstate structure of 4 revealed a slightly distorted square-planar geometry at nickel due to the geometric constrains imposed by the PBP pincer ligand (P-Ni-P angle =158.61(2)°). The coordination of the formato-borate group is related to that reported by Piers 3g,4b in which a zwitterionic structure is adopted. 13 Accordingly, the C25-O1 bond length (1.219 (2) Å) is significantly shorter than C25-O2 bond distance (1.283 (2) Å). Likewise, the Ni-O separation is slightly longer than that reported by Peters for [(PBP)Ni(O 2 CH)]. 7 The B2-O2 bond length (1.552(2) Å) is similar to that observed in related zwitterionic species formed by CO 2 insertion into Frustrated Lewis pairs adducts. 14 The structure of 4 was modeled by DFT analysis. 15 The optimized structure was found to be a local energy minimum and an excellent agreement was obtained between calculated and experimental bond lengths and angles (See S7, table S2). We explored the catalytic version of this reaction using 0.05 mol % of 4 (relative to silane) under 4 bar of CO 2 at 70 °C in C 6 D 6 . We observed transformation to bis(silyl)acetal after 21 hours, corresponding to a turnover number (TON) (based on mol of silane reacted per mol of catalyst) of 1200 and a turnover frequency (TOF) of 56 h -1 ( with the most effective catalyst reported so far, ours gives similar turnover numbers while turnover frequencies are significantly increased.
[4b]
On the other hand, it is well known the efficiency of B(C 6 F 5 ) 3 as a catalyst for the hydrosilylation of bis(silyl)acetal derivatives to methyl silyl ethers and methane.
12 Recently, Interestingly, when the NMR tube containing a solution of 4-13 CO 2 was charged with non-labeled CO 2 (1bar, 70º C, 22h), the incorporation of 12 CO 2 was observed in a 12 % ratio (See S13, Figure S17 ), demonstrating that the equilibrium shown in Equation 1 takes place but is shifted to the right side, minimizing the free borane quantity in solution. These experimental observations agree well with the Gibbs energy difference of 15.2 Kcal mol -1 between 4 (-27 Kcal mol -1 ) and 3 + B(C 6 F 5 ) 3 (-11.8 Kcal mol -1 ) calculated by DFT analysis. 15, 17 To gain further insight into the mechanism about the formation of bis(silyl)acetal we monitored the catalytic reaction, by 1 H and 13 C NMR spectroscopy, employing 13 Cenriched CO 2 and Et 3 SiH as reductant (See Figure 2) . After 3h at 70ºC, the 13 C (fully coupled) experiment showed only a triplet signal at 85.5 ppm (J CH = 161 Hz) that corresponds to (Et 3 SiO) 2 CH 2 and the signal for free 13 CO 2 (δ 124.9 ppm). After 8 h of heating, the signal of 13 CO 2 decreased considerably in intensity and the major 13 C-enriched species observable in the spectrum was (Et 3 SiO) 2 CH 2 . 18 Remarkably, the over reduced products that could be formed due to the presence of free borane in solution were not detected. At this point, B(C 5 F 6 ) 3 (4 equivalents) was intentionally added to the solution resulting in the quantitative reduction of (Et 3 SiO) 2 CH 2 into methane and (Et 3 Si) 2 O, reinforcing the idea that 4 is the major species present in solution during the catalysis. Additionally, an isolated sample of (R 3 SiO) 2 CH 2 was reacted with B(C 6 F 5 ) 3 -activated silane yielding the quantitative formation of Et 3 SiOSiEt 3 and methane (See S13, Figure S16 ). From a mechanistic point of view, based on these findings and previous literature reports, 4b two different pathways may be proposed for the catalytic reduction of CO 2 using complex 4: i) hydrosilation (Si-H activation) mediated by 4 through a cooperative mechanism between the boryl moiety of the PBP ligand and the nickel center, similar to that reported by us for the activation of H 2 ; 6 ii) reduction of the formate complex 3 by B(C 6 F 5 ) 3 -activated silane species (formed by dissociation of minor quantities of B(C 6 F 5 ) 3 from 4) to produce, initially, the silylester derivative (R 3 SiOCOH). Then, reduction of R 3 SiOCOH, mediated by a second equivalent of borane-activated silane (B in Scheme 5), gives the bis(silyl)acetal derivative. At this point, In summary, an effective nickel catalyst for the selective reduction of CO 2 to bis(silyl)acetal derivatives has been developed. The highest TOFs (56 h -1 based on mol of silane)
reported so far for this transformation have been achieved. Further mechanistic studies, that will allow a better understanding of the mechanism of this reaction and, in particular, the origin of the high selectivity for the formation of bis(silyl)acetals, are underway.
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